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Abstract 
Acoustic  Emission  (AE)  Technique  is  one  of  the  latest  Non  Destructive  Testing 
methods  gaining  ground  in  different  fields  as  an  online  monitoring  method  for 
material characterization, detection, location and characterization of various kinds of 
active defects. The principal goal of this work is to co-relate the AE response of Ti 
alloy Mill Annealed, β Annealing, Solution Treating & Aging under tensile test with 
the heat-treatment. Specimens for the above experiment were designed to have failure 
at the centre.  AE sensor at the ends and a strain gauge at the centre of the specimen 
were bonded. Specimen was connected to the tensile test machine by a pin joint. A 
fixed load cycle was followed to study the roll over phenomena of Ti alloy. During 
tensile  test,  strain  gauge  reading  and  AE  sensor  readings  were  recorded.    A 
considerable increase in AE response was observed during the yielding of specimen. 
A different AE response was observed for different heat-treated specimens of same 
material.  This  technique  can  be  used  to  predict  the  amount  of  heat-treatment 
undergone by a material.  
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1. Introduction 
Titanium  is  one  of  the  elements  that 
fascinated  the  aerospace  industry 
extensively.  For  aerospace  applications 
many  titanium  alloys  have  been  custom 
designed  to  provide  optimum  tensile, 
compressive  and  creep  strength.  The  most 
common and widely used titanium alloy is 
Ti6Al4V.  It  is  the  workhorse  of  ISRO 
Launch  Vehicles  and  Satellites  for  gas 
bottles and propellant tank applications. [1] 
Subsurface  discontinuities  are  generally 
more  difficult  to  detect  than  surface 
discontinuities  because  observation  is 
indirect.  Volume  discontinuities  such  as 
porosity,  voids  and  bursts  are  detected  by 
radiographic  or  ultrasonic  inspection.  But 
these conventional techniques are applicable 
only  after  the  completion  of  the  welding. 
AE monitoring enables necessary diagnosis 
to  be  made  during  each  welding  pass,  so 
that  remedial  action  can  be  taken  at 
minimum cost, while the component is still 
mounted  and  under  vacuum.  Real-time 
discontinuity detection and characterization 
of welds is the major advantage of AE.  
The  principal  goal  of  this  work  is  to 
provide material characteristics of Ti alloy 
at  different  heat-treated  conditions,  during 
tensile  test.  This  AE  pattern  will  help  in 
predicting  the  yielding  of  structure,  so 
remedial action can be taken in advance to 
avoid catastrophic failure.  C. P.  Kotwal et al.
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2. Acoustic Emission (AE) 
Any  disturbance/dislocation  change 
at the location is propagated as a mechanical 
disturbance  throughout  the  structure.  The 
piezoelectric transducer (sensor) mounted at 
a particular location on the structure, detects 
the  disturbance  and  produces  an  output 
voltage.  This  output  voltage  is  amplified 
using  a  pre-amplifier  and  then  processed 
using signal processor. [2-9] 
 
3. Real Time AE Monitoring During 
Tensile Test 
3.1 Technical Approach 
To study the micro structural behavior of 
Ti6Al4V in different heat-treated conditions 
through Acoustic Emission, tensile test was 
conducted.  The  specimens  were  prepared 
with  Mill  Annealed,  β  Annealed  and 
solution treated Titanium alloy. 
3.2 Heat Treatment of Titanium Specimen 
 
Fig. 1:  Micro Structure of AR 
3.2.1 Mill Annealed (As Received – AR) 
In this process titanium specimens (35 x 
155 x 7 mm) were preheated in a furnace to 
a temperature of 730°C, soaked for 2 hours 
and  then  furnace  cooled  up  to  565°C  and 
subsequently air-cooled. Micro Structure of 
AR  sample  is  shown  in  the  figure,  which 
shows equiaxed α in transformed β matrix. 
[6] 
3.2.2 β Annealing (BA) 
In  this  process  mill  annealed  titanium 
specimens  were  loaded  in  a  furnace 
preheated  to  870ºC  and  then  heated  to 
1020ºC. At this temperature, specimen were 
soaked  for  1hour  and  subsequently  air-
cooled. Microstructure of BA is included in 
the figure, which shows fully transformed β 
structure. [6] 
 
Fig. 2: Micro Structure of BA 
3.2.3 Solution Treating & Aging (STA) 
In  this  process  mill  annealed  titanium 
specimens  were  loaded  in  a  furnace 
preheated  to  800ºC  and  then  heated  to 
950ºC. At this temperature  specimen were 
soaked  for  1  hour.  After  soaking  the 
specimens  were  quenched  in  water. 
Subsequently these specimens were soaked 
at  480
oC  for  4  hours  and  then  air-cooled. 
Microstructure  of  STA  is  included  in  the 
figure, which shows fine precipitation of α 
phase in equiaxed α plus transformed β. [6] 
3.3 Specimen Preparation 
 
 
Fig. 3: Micro Structure of STA 
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Fig. 4: Tensile Test Specimen 
Six number of Ti6Al4V Alloy 7mm thick 
plates were used as starting material. Out of 
these two numbers were mill annealed, two 
were beta annealed and remaining two were 
solution  treated  and  aged.  After  heat 
treatment, these plates were machined to the 
configuration as shown in the figure 4.  
3.4 Instrumentation Details 
3.4.1 Specification of Universal Testing 
machine used 
Make 
Lloyed 
Instruments, 
U. K. 
Model  LR100K 
Capacity  10 Ton 
Grips  Friction / Pin 
3.4.2 Specification of Strain Gauge  
Strain gauges were fixed on either side at 
the centre of the specimen. AE sensor was 
mounted at the centre as shown in Fig 5.  
3.5 Experimental Procedure 
The specimens were loaded on the tensile 
testing  machine  using  a  pin  grip.  The 
specimens  were  subjected  to  fixed  load 
cycle  with  different  cross  head  speed  for 
loading and unloading. At each stage 60/30 
seconds hold was given. The load cycle and 
corresponding cross head speed is given in 
the table below.  
The strain gauge readings were recorded 
at each stage. AE parameters were recorded 
using  Mistras  Data  Acquisition  system. 
Specimens were loaded up to the failure. 
Description  Type 1  
(10 Nos.) 
Type 2  
(2 Nos.) 
Type  KFG  –  2  – 
350  –  C1  – 
23 
FLA – 6 – 11 
Temperature 
compensation 
for 
ALUMINUM  ALUMINUM 
Gauge length  2 mm  6 mm 
Gauge 
resistance  349.4 ± 0.6 Ω  120 ± 0.3 Ω 
Gauge factor  2.15 ± 1.0%  2.12 ± 1.0% 
 
 
Fig. 5:  Strain Gauge setup C. P.  Kotwal et al.
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Fig. 6: AE Instrumentation setup 
 
Fig. 7:  Specimen loaded in the tensile test 
machine 
3.6 Loading Cycle 
Stage  Load 
(Tons) 
Cross head 
speed 
(mm / min) 
Load 
Hold 
Time 
(sec) 
1  0.50  0.5  60 
2  1.00  0.5  60 
3  0.50  1.0  30 
4  1.00  0.5  60 
5  1.50  0.5  60 
6  2.00  0.5  60 
7  0.50  1.0  30 
8  2.00  1.0  60 
9  2.25  0.5  60 
10  2.50  0.5  60 
11  0.50  1.0  30 
12  2.50  1.0  60 
13  2.75  0.5  60 
Stage  Load 
(Tons) 
Cross head 
speed 
(mm / min) 
Load 
Hold 
Time 
(sec) 
14  3.00  0.5  60 
15  Up to  
Failure  0.5  --- 
3.7 Mechanical Properties of Titanium 
Alloy 
Ultimate Tensile Stress 
(N/mm
2)  Specimen 
Type  Specimen 
1 
Specimen 
 2 
Hardness* 
(Rc) 
Mill 
Annealed 
(AR) 
967.3  1042.8  27.25 
Beta 
Annealed 
(BA) 
930.2  991.8  30.75 
Solution 
Treated 
& Aged 
(STA) 
1143.3  1128.1  34.75 
* Average of 4 values 
3.8 Problem Areas 
•  For the first specimen (Mill Annealed – 
AR1), friction grips were used. But due 
to  considerable  noise  level  (95  dB) 
friction grips were changed to pin grips 
for subsequent testing. 
•  During  yielding  de-bonding  of  strain 
gauge (2 mm) occurred due to bending 
present in the specimen. Hence no strain 
reading  beyond  yielding  could  be 
recorded. To overcome this, one of the 
specimens (STA – 2) was bonded with 6 
mm long strain gauge. In this case de-
bonding  of  strain  gauge  was  not 
observed and the strain gauge readings 
were  obtained  beyond  yielding  up  to 
3.75 Ton. 
4. Results and Discussions 
AE  performance  of  all  3  specimens  is 
given in the form of graphs. Five different 
AE     parameters     are     plotted    for each  
 Acoustic Emission Technique 
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Fig. 8:  AE Performance of Mill Annealed Ti6Al4V specimen during Tensile Test C. P.  Kotwal et al.
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Fig. 9:  Load vs Extension for Mill Annealed Specimen during Tensile Test 
 
Repeated Loading Acoustic Emission Technique 
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Fig. 10:  AE Performance of Beta Annealed Ti6Al4V specimen during Tensile Test C. P.  Kotwal et al.
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Fig. 11: AE Performance of Solution Treated & Aged Ti6Al4V specimen during Tensile Test Acoustic Emission Technique 
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Fig. 12:  Cumulative Events Vs Load for Amplitude above 30 dB 
specimen. These graphs are Amplitude (dB) 
Vs Time, Duration (micro second) Vs Time, 
Event Vs Time, Energy Vs Time and Count 
Vs Time. Corresponding load Vs time graph 
is matched with the AE graphs.  
•  Mill  Annealed  and  Beta  Annealed 
specimen registered low-level amplitude 
signals  (<50  dB)  up  to  2T  load.  Only 
STA  specimen  registered  amplitude 
(<65 dB) up to 2T due to straightening 
of the slight bend in this specimen due 
to heat treatment. (Refer fig no. 8, 10 & 
11) 
•  The load was applied in a cyclic manner. 
During  60  seconds  hold  at  each  load 
step,  ‘Roll  Over’  phenomena  were 
observed, confirming absence of active 
flaw in the specimen. (Refer fig no. 8  & 
9) 
•  During  repeat  loading  negligible  AE 
activity  was  observed  proving  ‘Kaiser 
Effect’.    The  area  is  marked  with  an 
ellipse. (Refer fig no. 8) 
•  AE  activity  increased  considerably 
during commencement of yielding. Max. 
100dB  amplitude  signal  was  observed. 
(Refer fig no. 8) 
•  Plastic  Deformation  of  the  specimen 
was clearly visible as very low duration 
AE activity was observed. No of events 
and counts also reduced. (Refer fig no. 
10) 
•  Failure of specimens was also registered 
by AE as sudden increase in amplitude 
and energy. (Refer fig no. 11) 
•  Effect of heat treatment was noticed as 
given in the graph (Fig No. 12). Number 
of AE hits increased considerably from 
AR  to  BA  and  to  STA.  This 
phenomenon  can  be  correlated  to 
confirm the heat treatment condition of 
the alloy.  
•  This  experiment  give  an  idea  that  AE 
response of a structure can be co-related 
with  its  material  specific  AE  response 
and  any  failure  can  be  predicted.  This 
technique  is  very  useful  in  off  shore 
applications  where  feasibility  of  using 
any other NDT method is very remote. C. P.  Kotwal et al.
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